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Photo  1  -  Ull-IB  Equipped  with  XM-21  Armament  Subsystem 


Photo  2  -  Ull-IB  Equipped  with  XM-16  Armament  Subsystem 


ABSTRACT 


Engineering  flight  tests  of  the  Uli-IB  helicopter  equipped  with 
the  XM-16  and  XM-21  armament  subsystems  were  conducted  by  the  U.  S. 

Army  Aviation  Test  Activity  (USAAVNTA) .  The  overall  objective  was 
to  determine  the  effect  of  the  installation  of  the  subsystems  on  the 
UlI-lB.  Specific  objectives  were  to  determine  the  existence  of  any 
safety-of-f light  conditions  by  evaluation  of  quantitative  stability 
and  control  and  vibration  data  and  to  determine  any  performance  losses. 

The  USAAVNTA  was  responsible  for  preparing  tost  plan,  executing 
test,  and  submitting  final  report.  Tests  were  conducted  at  sites  in 
Fort  Irwin,  Bakersfield,  and  Ec^ards  Air  Force  Base,  California,  UH-IB/ 
XM-16  tests  were  conducted  from  19  July  through  11  August  1965  and 
consisted  of  39  flights  totalling  35.8  productive  flight  hours, 
including  13  flights  for  7.3  productive  hours  of  weapon  firing  tests. 
UU-lB/XM-21  tests  were  conducted  from  24  August  through  2  September 
1965  and  consisted  of  14  flights  totalling  13.75  productive  flight 
hours,  including  3  flights  for  2.5  productive  hours  of  weapon  firing 
tests . 

Performance  data  showed  that  both  armament  subsystems  caused  an 
appreciable  drag  increase.  The  XM-16  caused  a  greater  reduction  in 
specific  range  than  the  XM-21.  Compared  with  performance  of  clean 
Ull-IB  at  8000  pounds  gross  weight,  5000  feet  altitude,  and  324  rotor 
rpm,  the  installation  of  the  XM-16  and  XM-21  resulted  in  specific 
range  reductions  of  15  percent  and  12  percent  respectively. 

Compared  with  clean  UU-IB  data  (Report  FTC-TDR-62-13) ,  stability 
and  control  data  showed  no  appreciable  changes  in  flying  character¬ 
istics  of  the  UH-IB  equipped  with  either  armament  subsystem. 

Firing  tests  showed  that  both  armament  subsystem  could  be  fired 
safely  within  the  flight  envelope  established  by  the  contractor. 

Vibration  characteristics  were  satisfactory  under  all  conditions 
tested  except  for  the  lateral  4  cycles-per- revolution  vibration  with 
the  XM-21  armament  subsystem  installed.  The  vibration  level  at  all 
forward  airspeeds  slightly  exceeded  the  0.15-g  limitation  of  MIL-H- 
8501A. 

Hydraulic  boost-off  tests  in  hover,  takeoff,  climb,  level 
flight,  and  landing  were  investigated.  Qualitative  pilot  comments 
describing  the  helicopter's  flying  qualities  with  the  boost  off  with 
either  armament  subsystem  indicated  that  collective  forces  were  high 
and  could  not  be  maintained  for  an  extended  period.  The  only 
practical  method  of  landing  was  to  execute  a  run-on  landing. 

Attempting  to  transition  to  a  hover  resulted  in  over  control  and 
incipient  loss  of  control  due  to  high  cyclic  forces. 

The  performance  data  generated  in  this  evaluation  shoula  be 
incorporated  in  the  Operator's  Manual. 
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FOREWORD 

1.  AUTHORITY 

1.1  XM-16/UH-1B  Helicopter  Armament  Subsystem 

a.  Letter,  AMSTE-BG,  Hq,  U.  S.  Army  Test  and  Evaluation  Command 
(USATECOM) ,  17  October  1963,  subject:  "Directive  for  Engineering  - 
Service  Test  of  Combination  2.7S"  FFAR-M"6/UH- IB  Helicopter  Armament 
System,  USATECOM  Project-Task  Number  4-4-1531-01,  02,  03." 

b.  Letter,  AMSTE-BG,  Hq,  USATECOM,  31  March  1964,  subject; 

"Flight  Test  of;  a.  Helicopter  Armament  System  XM-16/UH-1B,  USATECOM 
Project-Tusk  Number  4-4-1532-03;  b.  Helicopter  Armament  System  LAli3A/A 
and  32A/UH-1B,  USATECOM  Project-Task  Number  4-4-1542-03." 

1.2  XM-21/UH-1B  Helicopter  Armament  Subsystem 

Letter,  AMSTE-BG,  Hq,  USATECOM,  5  January  1965,  subject:  "Test 
Directive,  USATECOM  Project  Number  4-5-1535,  Integrated  Engineering/ 
Service  Test  of  XM-21  Armament  Subsystem  for  UH-IB  Helicopter." 

2,  REFERENCES 

A  list  of  references  is  contained  in  Section  3,  Appendix  VI. 


SECTION  1  -  GENERAL 


1.1  OBJECTIVES 


1.1.1  Ull-IB  Helicopter  Equipped  with  XM-16  Armament  Subsystem 

Tlie  overall  test  objective  was  to  determine  the  effect  of  the 
XM-16  armajnent  subsystem  on  the  basic  UH-IB  helicopter.  The  specific 
objectives  of  the  test  were  to; 

a.  Determine  the  existence  of  any  safcty-of-f light  conditions 
by  the  measurement  and  subsequent  analysis  of  quantitative  stability 
and  control  and  vibration  data. 

b.  Determine  the  performance  losses  resulting  from  the 
installation  of  the  XM-16  armament  subsystem. 

c.  Verify  the  flight  envelope  proposed  by  the  airframe 
contractor  to  be  used  during  armament  firings,, 

1.1.2  UH-IB  Helicopter  Equipped  with  XM-21  Armament  Subsystem 

The  test  objectives  for  the  UH-IB  helicopter  equipped  with 
the  XM-21  armament  subsystem  were  the  same  as  those  in  Paragraph  1,1.1. 

1.2  RESPONSIBILITIES 

The  U.  S.  Army  Aviation  Test  Activity  (IJSAAVNTA)  was  responsible 
for  preparation  of  test  plan,  execution  of  test  and  submission  of 
final  report. 

1.3  DESCRIPTION  OF  MATERIEL 

1.3.1  XM-16  ARMAMENT  SUBSYSTEM 

The  XM-16  armament  subsystem  is  composed  of  a  combination  of 
the  M-6  subsystem  and  the  Aero  6D  (LAU-32A/A) ,  7-round,  2,75-inch 
Folding- .'^in  Aerial  Rocket  (FFAR)  rocket  pod,  the  M~6  subsystem 
consists  of  four  7 ,62-millimcter  (mm)  M-60C  machine  guns,  two 
machine-gun  mount  assemblies,  and  the  necessary  controls  and  hardware. 
A  gun  mount  is  attached  to  the  rack  assembly  of  the  rxtemal  stores 
support  assembly  on  each  side  of  the  UH-IB  helicopter,  and  the  guns 
are  aimed  by  means  of  a  sighting  station  at  the  copilot's  position. 

The  four  machine  guns  have  a  total  weight  of  796  pounds  and  a 
maximum  capacity  of  6600  rounds.  Total  lateral  deflection  is  12 
degrees  inboard  to  70  degrees  outboard  and  the  vertical  deflection 
is  9  degrees  upward  to  66  degrees  downward.  When  either  set  of  guns 
is  traversed  to  its  inboard  limit  stop,  the  guns  cease  firing. 
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tha  Consists  of  the  OFF-SAFK-ARMED  switch  and 

the  gun  selector  switch.  Both  switches  are  three-position  togaie 
t^e  and  must  be  pulled  upward  to  be  operated.  The  cuns  fire^Llv 
wh.„  the  OFF-SAFE-ABMEO  switch  is  in  tL  ARFED  pisitS  ^he  Zn 
selector  switch  enables  the  operator  to  select  his  fir^powerr  Sith 
thi  ^  P°siFion,  only  the  lower  guns  operate;  in 

UPPER  ioSu.-o‘°”'  S>ins  operate;  and  in  the 

"PER  position,  only  the  upper  guns  operate. 

The  sighting  station  is  located  at  the  copilot's  position  and 

swHih^L’^d^  means  of  remotely  aiming  the  guns.  hTien  the  "dead-man" 
switch  IS  depressed,  control  of  the  guns  is  transferred  from  the 
cyclic  control  stick  firing  switches  to  the  controller  trigger  In 

stick,  movement  of  the  controller  in  elevation  and  deflection 

irreleasL^TJ  ‘controller.  When  the  "dead-man"  switch 

t-e leased,  the  guns  are  returned  to  the  "stow"  position  and  can 

con^ro!  sua.  ''  <>"  pUot"s“ycu“ 
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Two  LAU-32A/A,  7-round,  2.75-inch  FFAR  rocket  pods,  one  for  each 
side  of  the  helicopter,  are  suspended  from  the  MA-4A  bomb  racks  and 
are  expendable.  The  launcher  attitude  is  of  fixed  variable  design 
and  can  be  changed  in  elevation  only  from  the  ground.  The  2.75-inch 
FFAR' 9  can  be  fired  in  ripples  only  and  are  ignited  in  pairs,  one 
rocket  simultaneously  from  each  launcher.  Up  to  7  pairs  of  rockets 
may  be  selected.  The  number  of  pairs  of  rockets  may  be  preset 
before  firing  and  the  subsystem  is  capable  of  firing  7  pairs  of 
rockets  forward  from  a  fixed  position  of  the  launcher  in  1.167 
seconds.  The  rockets  are  fired  from  the  same  cyclic  control  stick 
firing  switches  that  are  used  by  the  pilot  or  copilot  to  fire  the 
M-6  machine  guns.  The  trigger  switches  are  located  on  each  cyclic 
control  stick.  The  rockets  are  aimed  by  pointing  the  aircraft  and 
using  either  the  M-6  machine  guns  as  spotter  rounds  or  the  MK  VIII 
sight  mounted  in  the  pilot's  position.  The  two  rocket  pods  can  be 
jettisoned  simultaneously  by  either  electrical  or  mechanical  means. 

The  machine  guns  and  rockets  rannot  be  fired  simultaneously. 

When  the  ROCKET-GUN  selector  switch  is  placed  in  ROCKET,  the 
copilot  may  use  the  controller  or.  the  sighting  station  to  aim  and 
fire  the  guns.  The  instant  the  pilot  depresses  the  trigger  on  the 
cyclic  control  stick,  the  guns  automatically  stop  firing  and  the 
rockets  are  ignited. 

1.3.2  XM-21  ARMAMENT  SUBSYSTEM 

The  XM-21  armament  subsystem  consists  of  a  combination  of 
7.62-millimeter  twin,  high-rate-of-fire  XM-20  machine  guns  and 
twin  2.75-inch  rocket  launchers  (LAU-32A/A).  The  gun  mount 
assemblies,  which  are  installed  one  on  each  side  of  the  helicopter, 
were  originally  designed  to  support  two  M-bOC  machine  guns.  Each 
mount  of  the  test  aircraft  was  modified  to  install  a  single,  recoil 
mounted,  automatic  machine  gun. 

The  XM-20  is  an  electrically  driven,  6-barrel,  Gatling-type, 
high-rate-of-fire  machine  gian.  The  two  guns  weigh  100  pounds.  The 
weapon  is  capable  of  providing  fire  coverage  up  to  10  degrees  in 
elevation,  90  degrees  in  depression,  12  degrees  inboard,  and  70 
degrees  outboard  at  rates  of  2000  to  4000  rounds  per  minute.  As  with 
the  M-6  subsystem  the  guns  cease  firing  when  either  weapon  traverses  to 
its  inboard  limit.  The  slew  rates  are  40  degrees/second  in  elevation 
and  depression  and  75  degrees/second  in  deflection. 

The  sighting  station,  which  is  located  at  the  copilot's 
position,  is  identical  to  the  M-6  subsystem  sighting  station;  and  the 
operational  functions  are  also  the  same.  When  the  "dead-man"  switch 
is  depressed,  the  gun  turrets  follow  the  action  of  the  controller  on 
the  sighting  station  and  the  guns  can  be  fired  only  by  the  copilot. 

With  the  release  of  the  "dead-man"  switch,  the  guns  return  to  the 
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"stow"  position,  and  both  the  pilot  and  copilot  can  fire  the  guns 
from  the  cyclic  control  sticks.  The  pilot  is  capable  of  firing  the 
guns  only  in  the  "stow"  position  and  directs  the  fire  by  aiming  the 
helicopter. 

Each  of  the  XM-20  weapons  is  fed  through  a  flexible  ammunition 
chute  supported  at  the  forward  side  of  the  pylon.  The  rounds  are  fed 
from  the  right  side,  and  the  spent  cases  are  ejected  rearward  and  to 
the  left.  The  links  are  ejected  rearward  and  to  the  right  by  means 
of  a  rotary-type  delinking  feeder.  The  ammunition  storage  box 
configuration  in  the  aircraft  remains  the  same  as  that  of  the  M-6 
subsystem.  Two  forward  rows  of  boxes  supply  the  left-hand  gun  and 
two  aft  rows  supply  the  right-hand  gun.  There  is  a  total  of  3000 
rounds  for  each  gun  which  are  linked  together  to  produce  a  single 
continuous  belt  through  the  cartridge  drive  crossover.  The  cartridge 
drive  crossover  enables  each  gun  to  be  fed  from  the  two  rows  of 
storage  boxes  at  the  dual  rate  of  2000  and  4000  rounds  per  minute. 

There  is  a  burst  limit  time  delay  of  approximately  3  seconds  in  the 
firing  system. 

The  control  panel  is  very  similar  to  that  of  the  M-6  subsystem 
except  for  the  gun  selector  switch.  The  operator  has  the  choice  of 
firing  either  the  left-hand  gun  only,  right-hand  gun  only,  or  both  guns. 

The  rocket  launcher  is  the  same  LAU-32A/A,  7-round,  2.75-inch 
FFAR  rocket  pod  as  that  of  the  XM-16  armament  subsystem,  The 
capabilities  and  firing  sequences  are  also  identical.  Rocket  firing 
is  primary  with  the  ROCKET-GUN  switch  in  the  ROCKET  position.  The 
number  of  rocket  pairs  to  be  fired  per  burst  is  selected  on  the 
ROCKET  PAIR  SELECTOR  switch.  Depressing  a  cyclic  control  stick 
trigger  causes  the  preselected  number  of  rocket  pairs  to  fire.  The 
circuitry  is  reset  to  the  original  condition  whenever  the  trigger 
is  released  during  a  rocket  burst  so  that  the  full  selected  number 
of  rocket  pairs  will  be  fired  at  the  next  hurst.  Should  the  copilot 
be  firing  machine  guns  with  the  sighting  station,  depressing  the 
pilot's  cyclic  control  stick  trigger  stops  the  machine-gun  fire  and 
causes  the  rocket  pairs  to  be  fired.  The  pilot  directs  the  rocket 
fire  by  maneuvering  the  aircraft  and  acquires  the  target  through  his 
reflex  sight. 

A  detailed  description  of  the  Ull-IB  helicopter,  S/N  60-3589, 
and  an  additional  detailed  description  of  the  XM-16  and  XM-21 
armament  subsystems  are  contained  in  Appendix  IV. 

1.4  BACKGROUND 

1.4.1  QUALITATIVE  MATERIEL  REQUIREMENT 

Combat  Development  Objectives  Guide  (CDOG)  Paragraph  537a(2) 
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states  the  following:  "Armed  Helicopter  Weapons  Systems.  A  series 
of  armament  systems  capable  o^  rapid  mounting  and  demounting  from 
Army  observation  and  utility  helicopters.  The  armament  systems  may 
consist  of  weapons  and  cimmunition  from  current  weapons  systems  of 
advanced  design  together  with  synchronized  sighting,  mounting,  and 
firing  devices  providing  for  elevation,  depression,  and  traverse 
where  required.  Specific  armament  systems  required  include  light 
weapons,  point  target  weapons,  and  area  weapons.  The  systems  will 
be  employed  in  support  of  the  full  spectrum  of  ground  combat 
operations  from  selected  observation  and  utility  helicopters  in 
flight,  at  a  hover,  or  on  the  ground.  Weapons  systems  for 
observation  helicopters  and  those  utility  helicopters  used  in  the 
troop  transport  and  utility  role  shall  be  light  and  simple  to 
avoid  degrading  required  helicopter  agility.  Selected  utility 
helicopters  will  be  armed  for  the  primary  mission  as  weapons 
helicopters  and  will  mount  a  single-type  weapon  system.  The  systems 
will  provide  for  full  utilization  of  new  weapons." 


1.4.2  UH-IB  HELICOPTER  EQUIPPED  WITH  XM-16  ARMAMENT  SUBSYSTEM  j 

The  effectiveness  of  the  UH-IB  helicopter  equipped  with  either  I 

the  M-3  (2.75-inch  FFAR)  or  the  M-6  (7.62-millimeter  M-60C  machine 
gun)  armament  subsystem  has  been  demonstrated.  In  many  tactical 
situations,  however,  the  combined  use  of  the  machine  guns  and  the 
rockets  would  have  significantly  increased  the  degree  of  mission 

success.  The  need  to  incorporate  both  weapons  was  recognized  and  as  j 

a  result  the  combination  of  the  two  armament  subsystems  was  i 

fabricated  in  August  1963. 

1.4.3  UH-IB  HELICOPTER  EQUIPPED  WITH  XM-21  ARMAMENT  SUBSYSTEM  i 

1 

I 

UH-IB  helicopters  are  required  to  act  as  armed  escort  for  i 

troop  landing  operations  or  for  screening  operations.  In  addition,  i 

they  make  reconnaissance  of  enemy  territory  and  should  be  capable  ■ 

of  protecting  themselves  if  fired  upon.  Current  aircraft  are 
equipped  with  the  M-6  armament  subsystem.  This  subsystem  is  not 
wholly  satisfactory  because  accuracy  in  tracking  and  first-round 
hit  requires  improvements;  reliability  is  low;  and  rate  of  fire 
is  too  low,  in  certain  operations,  to  exploit  fully  the  maneuver¬ 
ability  of  helicopters.  An  improved  subsystem  is  required  that  will 
provide  increased  effectiveness  in  the  destruction  and  neutralization 
of  hostile  elements.  Employment  of  the  subsystems  should  require  a 
minimum  restriction  on  the  maneuverability  of  the  aircraft.  The 
heavy  components  of  the  subsystem  (weapons  and/or  ammunition)  must 
be  designed  for  quick  and  easy  removal  from  the  aircraft. 


I 


I 
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1.4.4  GENERAL 

The  Weaponization  Project  Manager,  Hq,  U.  S.  Army  Materiel 
Command  (USAMC)  assigned  the  engineering-service  test  of  the  UH-IB 
helicopter  equipped  with  the  XM-16  and  XM-21  armament  subsystems  to 
Hq,  U.  S.  Army  Test  and  Evaluation  Command  (USATECOM) .  USATECOM, 
in  test  directive,  17  October  1963,  as  amended  31  March  1964, 
requested  USAAVNTA  to  conduct  an  engineering  flight  test  of  the 
UH-IB  helicopter  equipped  with  the  XM-16  armament  subsystem.  In 
Test  Directive,  5  January  1965,  USATECOM  requested  USAAVNTA  to 
conduct  an  engineering  flight  test  of  the  UH-IB  equipped  with  the 
XM-21  armament  subsystem. 

The  engineering  flight  tests  were  conducted  at  test  sites 
in  Fort  Irwin,  Bakersfield,  and  Edwards  Air  Force  Base,  California. 
The  UH-lB/XM-16  tests  were  conducted  during  the  period  19  July  1965 
through  11  August  1965.  Thirty-nine  flights  totalling  35.8 
productive  flight  hours  were  required  to  accomplish  this  program. 

The  UH-lB/XM-21  tests  were  conducted  during  the  period  24  August 
1965  through  2  September  1965.  Fourteen  flights  totalling  13.75 
productive  flight  hours  were  required  to  accomplish  this  program. 

A  separate  report  of  the  UH-lB/XM-16  jettison  tests  outlined 
in  Test  Plan  (Section  3,  Appendix  VI,  Reference  e)  was  submitted  on 
5  May  1965  (Reference  n) .  An  interim  report  on  the  UH-lB/XM-16 
engineering  flight  test  results  was  submitted  on  13  September  1965 
(Reference  o) . 

USATECOM  authorized  USAAVNTA,  on  21  August  1965,  to 
incorporate  the  results  of  the  engineering  flight  tests  of  the 
UH-IB  equipped  with  the  XM-16  and  XM-21  armament  subsystems  in  one 
final  report. 

1.5  FINDINGS 

1.5.1  PERFORMANCE 

1.5. 1.1  Level  Flight 

The  results  of  the  level  flight  performance  tests  indicated 
that  the  UH-IB  helicopter  equipped  with  either  the  XM-16  or  XM-21 
armament  subsystem  required  more  power  at  the  same  airspeed  than  a 
clean  helicopter  (Reference  s) . 

At  8000  pounds  gross  weight,  5000  feet  altitude  and  324 
rotor  rpm,  the  installation  of  the  XM-16  armament  subsystem  resulted 
in  a  specific  range  reduction  of  15  percent.  The  installation  of 
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the  XM-21  armament  subsystem  at  the  same  conditions  resulted  in  a 
12-percent  reduction  in  specific  range. 

The  minimum  power  required  for  level  flight  at  a  given 
coefficient  of  thrust  (Cj)  showed  an  average  increase  of  approximately 
7  percent  for  the  Uli-IB  equipped  with  either  armament  subsystem. 

1.5, 1.2  Autorotation 


The  minimum  rate  of  descent  in  autorotation  of  the  UH-IB 
equipped  with  the  XM-16  armament  subsystem  at  gross  weights  between 
6300  pounds  and  7800  pounds  was  1850  feet  per  minute  (fpm)  at  54 
knots  calibrated  airspeed  (KCAS) .  A  minimum  rate  of  descent  of 
1660  fpm  was  reported  for  the  clean  UH-IB  at  the  same  conditions 
(Reference  s) .  The  Uil-IB  equipped  with  the  XM-16  and  XM-21  exhibited 
the  same  characteristics  in  autorotation. 


1.5.2  STABILITY  AND  CONTROL 

1.5.2. 1  Static  Longitudinal  Stability 

The  static  longitudinal  stability  of  the  UH-IB  helicopter 
with  either  weapon  subsystem  installed  was  satisfactory  under  all 
conditions  tested,  A  comparison  of  stability  with  the  weapon 
subsystems  installed  on  the  UH-IB  showed  that  no  appreciable 
difference  existed  under  similar  test  conditions.  As  noted  in 
earlier  UH-IB  evaluation  (Reference  r) ,  instability  occurred  below 
40  KCAS.  This  reversal  was  not  objectionable.  No  appreciable 
difference  was  observed  in  the  static  longitudinal  stability 
characteristics  of  the  UH-IB  with  only  one  pod  or  with  two  pods, 
either  full  or  empty, 

1.5. 2. 2  Static  Directional  Stability 

The  static  directional  stability  of  the  armed  UH-IB  in 
all  configurations  was  satisfactory  under  all  test  conditions. 
Lateral  control  positions  indicated  less  positive  dihedral  effect 
than  in  the  clean  UH-IB  helicopter  but  this  was  not  considered 
objectionable  (Reference  r) .  ITie  variation  in  pedal  position 
required  for  steady  sideslips  showed  no  significant  change  from 
test  results  of  the  previous  evaluation  (Reference  r) , 

1.5. 2. 3  Sideward  and  Rearward  FI  ight 

Flying  characteristics  of  the  armed  UH-IB  in  sideward 
and  rearward  flight  were  satisfactory  and  essentially  unchanged 
from  those  of  a  clean  UH-IB.  Sufficient  control  was  available  to 
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fly  to  the  30  knots  true  airspeed  (KTAS)  required  by  Paragraph 
3. 2. 10  of  M1L-H-8501A  (Reference  p)  in  both  sideward  and  rearward 
flight. 


1.5. 2. 4  Dynamic  Stability 

Comparison  of  the  dynamic  stability  test  results  of  the 
armed  UH-IB  and  the  clean  UH-IB  showed  no  difference  in  the 
dynamic  stability  characteristics  of  the  two  aircraft.  The  1- 
inch  control  pulse  disturbances  were  well  damped  about  all  three 
axes  and  were  acceptable. 

1 . 5 . 2 . 5  Controllability 

The  controllability  of  the  armed  UH-IB  was  satisfactory 
about  all  three  axes.  The  maximum  control  sensitivity  of  the 
longitudinal,  lateral  and  pedal  responses  were  10,  24  and  28 
degrees/second^/inch  respectively  at  calibrated  airspeeds  of  48 
through  95  knots  in  level  flight.  The  longitudinal  and  lateral 
control  responses  at  the  identical  conditions  were  5  and  11 
degrees/second/inch  respectively.  The  directional  control 
response  was  a  maximum  of  24  degrees/second/inch  at  48  knots. 

A  slight  difference  in  controllability  existed  between  the 
armed  UH-IB  and  the  clean  UH-IB  but  this  difference  was  not 
apparent  to  the  pilot. 

1.5.3  VIBRATION 

1.5. 3.1  Non-Firing 


The  vibration  levels  of  the  UH-IB  equipped  with  the  XM-16 
armament  subsystem  were  satisfactory.  The  vibration  levels  with 
the  XM-21  armament  subsystem  installed,  however,  were  magnified. 

At  a  frequency  of  4/rev  (21.6  cycies/second) ,  the  lateral  acceler¬ 
ation  exceeded  0.15g,  the  limit  specified  in  Paragraph  3.7.1(b)  of 
MIL-H-8501A  (Reference  p) .  This  level  was  recorded  from  43.5  KCAS 
to  the  airspeed  limit  (100  KCAS), 

1.5. 3. 2  Firing 

The  vibration  levels  of  the  armed  helicopter  with  the 
guns  firing  were  within  the  limits  of  Paragraph  3.7.1(b)  of 
MIL-H-8501A.  The  highest  vibration  level  (0.15g)  was  recorded  in 
the  lateral  plane  of  motion  at  a  4/rev  (21.6  cycles/second) 
frequency. 
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1.5.4  FIRINGS 


1.5.4. 1  Machine-Gun  Firings 

The  firing  of  the  XM-16  (M-60C)  and  XM-21  (XM-20) 
machine  guns  had  no  significant  effects  on  the  handling  qualities 
of  the  helicopter,  Tlie  XM-20  machine  guns  created  a  reaction 
force  opposite  to  the  line  of  fire.  When  the  controls  were  held 
fixed,  the  helicopter  responded  in  the  direction  of  the  resulting 
moment  but,  as  the  guns  ceased  firing,  returned  to  the  initial 
trim  position. 

1 . 5 . 4 . 2  Rocket  Firings 

The  firing  of  the  2.75-inch  Folding-Fin  Aerial  Rockets 
(FFAR's)  was  satisfactory  under  all  conditions  tested.  With  the 
controls  of  the  UH-IB  held  fixed,  a  nose-down  attitude  change  of 

4.5  degrees  was  experienced  when  a  full  complement  of  rockets 
(7  pairs)  was  fired.  The  pitching  rate  was  approximately  4.8 
degrees/second  and  was  not  considered  hazardous.  A  pilot  would 
normally  unconsciously  correct  for  this  resultant  pitch-down 
tendency. 

1.5.5  BOOST-OFF 

The  results  of  these  tests  indicated  that  with  the  boost 
off  it  was  possible  to  maintain  level  flight  with  either  weapon 
subsystem  installed  on  the  UH-IB  helicopter.  The  collective- 
pitch  control  had  a  tendency  to  creep  down  at  a  rate  of  .5  inches/ 
second  (1  second  after  the  hydraulic  boost  was  turned  off). 
Collective  forces  measured  were  76  pounds  in  sustained  level 
flight  with  zero  sideslip,  and  90  pounds  in  a  climb.  Because  of 
these  forces  extended  flight  with  the  boost  off  would  be  impossible. 
The  only  practical  method  of  landing  with  boost  off  was  to  execute 
a  run-on  type  of  landing  because  of  the  high  control  forces  and 
the  incipient  loss  of  control  that  resulted  when  attempting  to 
transition  to  a  hover. 
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1.6  Conclusions 

The  handling  qualities  of  the  UH-IB  helicopter  with  either  the 
XM-16  armament  subsystem  or  XM-21  armament  subsystem  installed 
were  essentially  the  same  as  those  of  a  clean  UH-IB. 

A  significant  level  flight  performance  penalty  was  experienced 
with  either  subsystem  installed.  The  minimum  rate  of  descent 
during  autorotational  descents  with  either  subsystem  installed  was 
increased  by  approximately  200  fpm. 

Results  from  the  firing  of  both  machine  guns  and  rockets 
showed  that  there  were  no  safety-of-flight  limitations  within  the 
envelope  specified  by  the  airframe  contractor. 


1.7  Recommendations 

The  performance  data  generated  during  this  evaluation  should 
be  incorporated  in  the  Operator's  Manual  (Reference  q) . 
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SECTION  2  -  DETAILS  OF  TESTS 


2.0  INTRODUCTION 

The  engineering  tests  of  the  UH-IB  equipped  with  the  XM-16 
armament  subsystem  were  completed  on  11  August  1965.  The  XM-21 
armament  subsystem  was  immediately  installed  and  tested.  The 
requirements  of  Paragraph  2.3.1  of  the  test  plan  (Reference  g) , 
Machine-Gun  Firings  of  the  L11-1B/XM-21,  were  executed  as  outlined. 
Portions  of  the  other  tests  were  omitted  because  of  experience 
gained  during  tlie  UH-lB/XM-16  tests.  No  problem  areas  were 
encountered  during  the  XM-16  evaluation  and  because  of  the  aero¬ 
dynamic  similarity  of  the  XM-16  and  the  XM-21  only  spot-checks  of 
the  various  flight  conditions  were  required  for  the  XM-21  sub¬ 
system  evaluation. 

The  performance  portion  of  the  test  was  limited  to  level- 
flight  speed-power  and  autorotation  tests.  The  most  adverse 
flight  conditions  were  concentrated  on  in  the  stability  and 
control  portion  of  the  test.  These  limitations  were  imposed  by 
the  short  calendar  time  allotted  for  this  project. 

Performance  tests  were  conducted  in  a  stabilized  condition 
in  non- turbulent  air.  All  stability  and  control,  boost-off,  and 
weapons  firing  tests  were  conducted  in  non-turbulent  atmospheric 
conditions  so  that  test  data  would  not  be  influenced  by 
uncontrolled  disturbances. 

The  test  UH-IB  helicopter,  Serial  Number  60-3589,  crashed 
and  burned  on  2  September  1965. 

Stability  and  control  data  was  evaluated  on  the  basis  of 
requirements  of  Military  Specification  MIL-H-8501A  (Reference  p) . 

The  results  of  the  Jettison  Tests  of  the  UU-iB/XM-16 
armament  subsystem  outlined  in  Test  Plan  (Reference  e)  were 
reported  on  5  May  1965  in  Reference  n. 

2.1  PERFORMANCE 

2.1.1  LEVEL  FLIGHT 

2. 1.1.1  Objective 

Tests  were  conducted  to  determine  airspeed,  fuel  flow, 
and  power  required  relationships  to  define  the  level  flight 
performance  for  any  combination  of  gross  weight,  altitude  and 
rotor  rpm. 
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2. 1.1. 2  Method 


I 

I 
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Tests  were  conducted  at  various  combinations  of  altitude, 
gross  weight,  and  rotor  speed  in  the  armed  (XM-16  or  XM-21) 
configuration.  Each  speed  power  was  flown  at  a  constant  value  of 
gross  weight  divided  by  density  (W/p) .  This  involved  increasing 
altitude  on  successive  data  points  as  fuel  was  consumed.  Data 
was  recorded  in  stabilized  flight  at  various  airspeeds  throughout 
the  allowable  speed  range  at  approximately  10-knot  increments  to 
define  adequately  the  particular  power  required  curve.  In 
addition  to  basic  power  parameters,  fuel-flow  data  was  recorded. 

2. 1.1. 3  Results 


Test  results  are  presented  graphically  in  Figures  4 
through  15,  Section  3,  Appendix  1.  Non-dimensional  summary  plots 
are  presented  in  Figures  1  through  3. 

2 . 1 . 1 . 4  Analysis 

The  effect  on  power  required  due  to  the  addition  of  the 
XM-16  or  the  XM-21  armament  subsystem  is  illustrated  in  Figure  A, 

FIGURE  A 

GROSS  WEJGHT:  8000  L6.  •  ALT  :  5000  FT 
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Compared  with  the  performance  of  a 
conditions  of  Figure  A,  at  the  airspeed  for 
the  installation  of  the  armament  subsystems 
airspeed  loss  for  the  XM-21  and  a  16.5-k.not 
XM-lfa. 


clean  Ull-IB  at  the 
normal  rated  power, 
resulted  in  a  13-knot 
airspeed  loss  for  the 


The  performance  penalty  in  terms  of  range  performance  is 
illustrated  in  Figure  B. 

FIGURE  B 
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Compared  with  the  performance  of  a  clean  UH-IB  at  the 
conditions  of  Figure  IJ,  at  SSOO  pounds,  the  installation  of  the 
XM-lb  resulted  in  a  15-i)ercent  decrease  and  the  installation  of 
the  XM-21  resulted  in  a  12-percent  decrease  in  specific  range  at 
optimum  cruise  airspeed.  Compared  witi»  performance  of  a  clean 
Ull-lli,  the  optimum  cruise  airspeeds  with  the  XM-lb  or  the  XM-21 
installed,  varied  from  a  decrease  of  15  knots  at  light  gross 
weights  to  zero  knots  at  higlier  gross  weights  when  optimum  cruise 
was  at  the  placard  airspeed  limit. 

The  nil- IB  with  the  XM-lh  installation  showed  a  greater 
reduction  in  specific  range  than  with  the  XM-21  installation.  This 
difference  can  be  explained  by  the  greater  drag  surface  of  the  XM-16. 

This  greater  drag  surface  resulted  in  an  increased  negative  fuselage 
trim  angle  of  attack  for  the  XM-16  which  in  turn  resulted  in 
increased  power  required  and,  therefore,  a  greater  reduction  in 
specific  range.  The  difference  in  trim  angles  of  attack  for  the 
XM-16  and  XM-21  is  shown  in  F'igure  C. 


FIGURE  C 

AVG.Ct  avg.c.g.  armament 
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2.1.2  airspei:d  calibration 


2 . 1 . 2 . 1  Objective 

The  objective  of  these  tests  was  to  determine  the  airspeed 
position  error  for  both  the  standard  and  test  airspeed  systems, 

2. 1.2.2  Method 


The  calibrated  trailing  bomb  method  was  used  to  determine 
the  airspeed  calibration  of  the  standard  and  test  airspeed  systems. 
Tlie  aircraft  with  the  XM-16  installed  was  flown  at  various  airspeeds 
in  stabilized  level  flight  at  an  average  gross  weight  of  6980  pounds. 

2. 1.2. 3  Results 


Test  results  are  presented  graphically  in  Figures  19  and  20 
Appendix  I. 

2. 1.2.4  Analysis 

Tlie  position  error  of  the  test  airspeed  system  was  nonlinear. 
This  position  error  varied  from  +3.0  knots  indicated  airspeed  (KIAS) 
to  +4,5  KIAS,  The  position  error  of  the  standard  airspeed  system  was 
identical  to  that  of  the  airspeed  system  of  a  standard  UH-IB  (Reference 
q) .  This  indicates  that  the  installation  of  either  the  XM-16  or  XM-21 
had  no  effect  on  the  ship  airspeed  system  position  error. 

2.1.3  AUTOROTATIONAL  DESCENTS 

2.1,3.!  Objective 

The  objective  of  these  tests  was  to  determine  the  minimum 
rate  of  descent  and  the  airspeed  for  ’Minimum  rate  of  descent  during 
stabilized  autorotations. 

2. 1.3.2  Method 


Autorotational  descents  were  conducted  at  various  airspeeds 
throughout  the  allowable  speed  range.  During  the  descents,  time  and 
altitude  were  recorded  to  determine  the  rate  of  descent.  Stabilized 
descents  at  various  airspeeds  between  40  and  88  KCAS  were  flown  to 
determine  the  airspeed  for  minimum  rate  of  descent. 

2. 1.3.3  Results 


Test  results  are  presented  graphically  in  Figure  21, 
Appendix  I. 
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The  tests  to  determine  the  minimum  rate  of  descent  and  the 
airspeed  for  minimum  rate  of  descent  were  conducted  with  only  the 
XM-16  installed  on  the  UlI-lB  helicopter.  Since  other  tests  revealed 
the  close  similarity  of  the  XM-16  and  XM-21  armament  subsystems  in 
their  effect  on  flight  characteristics,  autorotational  descents 
with  the  XM-21  armament  kit  were  not  accomplished.  The  minimum  rate 
of  descent  in  autorotation  of  the  armed  UH-IB  at  average  gross 
weights  of  7000  pounds  and  average  density  altitudes  of  7500  feet 
was  1850  feet  per  minute  (fpm)  compared  with  1660  fpm  for  the 
unarmed  UH-IB. 

2.2  STABILITY  AND  CONTROL 

2.2.1  STATIC  LONGITUDINAL  STABILITY 

2.2. 1.1  Objective 

The  objective  of  these  tests  was  to  determine  the  static 
longitudinal  speed  stability  as  the  airspeed  was  varied  from  trim 
during  level  flight,  autorotation,  and  partial  power  descents. 

2.2. 1.2  Method 


Static  longitudinal  stability  tests  with  either  the  XM-16 
or  XM-21  installed  were  conducted  in  two  ways.  The  first  method 
consisted  of  recording  the  control  positions  required  for  various 
stabilized  airspeeds  during  level  flight.  These  tests  were  conducted 
in  conjunction  with  the  level  flight  tests  (Paragraph  2.1.1). 

The  second  method  of  evaluating  the  static  longitudinal 
stability  consisted  of  fixing  the  collective  stick  at  the  various 
trim  conditions  specified  in  Paragraph  3.2.10  of  M1L-H-8501A 
(Reference  p) .  Once  the  helicopter  was  trimmed  at  a  recommended 
airspeed,  the  collective  stick  was  fixed,  the  airspeed  was  changed 
by  the  movement  of  the  longitudinal  cyclic  stick  and  altitude  was 
allow  to  vary. 

2 . 2 . 1 . 3  Results 

Test  results  are  presented  graphically  in  Figures  22 
through  36,  Appendix  I. 

2.2. 1.4  Analysis 

Static  longitudinal  stability  was  positive  for  all  airspeeds 
above  40  knots  at  all  conditions  tested.  No  significant  difference 
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between  the  apparent  degree  of  stability  of  the  clean  Uli-IB  (Reference 
r)  and  the  armed  UH-IB  was  indicated  by  comparison  of  the  slope  of  the 
control  position  versus  airspeed  curves. 

2.2.2  STATIC  DIRECTIONAL  STABILITY 

2.2.2. 1  Objective 

The  objective  of  these  tests  was  to  evaluate  the  lateral- 
directional  flying  qualities,  effective  dihedral,  and  directional 
stability  for  representative  flight  conditions. 

2. 2. 2. 2  Method 

Static  lateral-directional  stability  was  investigated  by 
obtaining  the  longitudinal,  lateral  and  directional  control 
positions  necessary  to  maintain  various  steady  sideslip  angles  at 
several  different  airspeeds  and  altitudes.  The  flight  conditions 
tested  were  level  flight,  autorotation,  and  climb.  The  center-of- 
gravity  (C.G.)  locations  were  either  forward  or  mid.  Static 
directional  stability  was  determined  from  the  relationship  between 
pedal  position  and  angle  of  sideslip.  Effective  dihedral  was 
determined  from  the  relationship  between  lateral  control  and 
sideslip  angle. 

2. 2. 2. 3  Results 


Test  results  are  presented  graphically  in  Figures  37 
through  46,  Appendix  I. 

2. 2. 2. 4  Analysis 

The  armed  UH-IB  helicopter  exhibited  strong  positive 
static  directional  stability  under  all  conditions  tested.  The 
dihedral  effect  was  slightly  weaker  compared  with  the  clean  UH-IB 
evaluation  (Reference  r) .  Negative  dihedral  occurred  at  high¬ 
speed  level  flight  and  was  more  noticeable  at  a  forward  C.G.  than 
at  a  raid  C.G.  Although  not  in  accordance  with  MIL-H-8501A, 
(Reference  p),  this  was  not  objectionable  to  the  pilot,  The  angle 
of  roll  showed  no  change  in  attitude  with  increasing  left  sideslip; 
this  was  not  a  characteristic  of  a  clean  UH-IB.  This  condition  was 
not  objectionable  to  the  pilot. 

2.2.3  SIDEWARD  AND  REARWARD  FLIGHT 

2. 2. 3. I  Objective 


The  objective  of  these  tests  was  to  determine  if  sufficient 


control  was  available  to  hover  in  winds  of  up  to  30  knots. 

2. 2. 3. 2  Method 


I 

i 

I 


The  hovering  characteristics  of  the  armed  UH-IB  helicopter 
in  crosswind  and  tailwind  were  simulated  by  recording  control 
positions  in  sideward  and  rearward  flight.  The  helicopter  was 
stabilized  at  the  various  airspeeds  by  using  a  calibrated  pacer 
ground  vehicle. 


2. 2. 3. 3  Results 

Test  results  are  presented  graphically  in  Figures  47  and 
48,  Appendix  I. 

2. 2. 3. 4  Analysis 

Sideward  and  rearward  flights  were  satisfactory  with  the 
XM-16  installed.  A  slight  difference,  however,  was  noticed  with 
the  nonsymmetrical  armament  configuration.  With  one  pod  removed, 
the  control  positions  shifted  to  counter  the  unbalanced  weight 
loading  but  tlie  flying  qualities  we’"j  still  satisfactory.  No 
problems  were  encountered  in  sideward  flight  through  the  speed 
range  from  zero  to  33.5  knots  true  airspeed  (KTAS)  in  both 
directions.  During  rearward  flight  at  23  KTAS,  a  longitudinal 
cyclic  stick  control  margin  of  0.9  inches  of  aft  cyclic  travel 
remained. 

2.2.4  DYNAMIC  STABILITY 

2. 2. 4.1  Objective 

The  objective  of  these  tests  was  to  determine  the 
capability  of  the  armed  UH-IB  to  return  to  trim  following  a 
disturbance. 

2. 2. 4. 2  Method 

The  armed  UH-IB  dynamic  stability  characteristics  were 
determined  from  analysis  of  the  time  histories  of  the  helicopter 
motions  resulting  from  pulse-type  control  inputs.  The 
longitudinal,  lateral,  and  directional  axes  were  subjected  to  1- 
inch  control  inputs  and  the  helicopter's  responses  were  recorded. 
The  tests  were  conducted  in  level  flight  at  an  average  density 
altitude  of  4990  feet,  a  mid  C,G.  (Station  130.9),  a  rotor  rpm  of 
324,  and  an  average  gross  weight  of  6980  pounds.  A  control 
fixture  was  used  to  insure  precise  inputs. 
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2. 2. 4. 3 


Results 


Time  histories  are  presented  in  Figures  49  through  54, 
Appendix  I . 

2. 2. 4. 4  Analysis 

The  UH-IB  equipped  with  either  the  XM-16  or  XM-21  showed 
no  apparent  difference  in  dynamic  stability  characteristics  from  those 
of  a  clean  UH-IB,  Following  forward  and  aft  longitudinal  pulses,  the 
aircraft  was  essentially  deadbeat  in  pitch.  A  residual  lateral- 
directional  oscillation  persisted  after  the  initial  disturbance 
damped  out.  Following  directional  or  lateral  pulse  inputs  the 
aircraft  established  a  well  damped  "dutch  roll"  mode  of  motion 
which  damped  out  ii.  4  to  5  cycles. 

2.2.5  CONTROLLABILITY 

2.2.5. 1  Objective 

The  objective  of  these  tests  was  to  determine  the  changes 
in  controllability  of  the  UH-IB  as  a  result  of  the  installation  of 
the  armament  subsystem. 

2. 2. 5. 2  Method 

The  controllability  of  the  UH-IB  with  the  XM-16  installed 
was  determined  by  analyzing  the  helicopter's  response  to  step-type 
control  inputs  about  all  three  axes.  A  control  fixture  was  used  to 
insure  constant  inputs.  The  data  was  analyzed  in  terms  of  the 
maximum  angular  accelerations  and  rates  and  the  time  to  reach  the 
corresponding  maximum  values.  The  tests  were  conducted  under  the 
same  flight  conditions  listed  for  the  dynamic  stability  tests 
(Paragraph  2. 2. 4. 2). 

2. 2. 5. 3  Results 

Test  results  are  presented  graphically  in  Figures  55 
through  63,  Appendix  1. 

2. 2. 5. 4  Analysis 

The  control  sensitivity  and  response  were  determined 
through  analysis  of  the  angular  accelerations  and  the  angular  rates 
respectively.  Differences  were  found  in  comparison  of  the  control 
sensitivity  and  response  of  the  armed  and  unarmed  UH-IB  helicopters. 
The  following  table  presents  a  comparison  of  the  controllability  of 
the  armed  and  unarmed  helicopters; 
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CONTROL  SENSITIVITY 


„Ti;m.e  to 


Clean  fKv“d|Pitch^iFwd  10.5^  Aft  10.5'^ 


24.0 


.  ■■‘7  . 

'-’7':;- f “J  |Yaw.  j  r Lt  v  - : 


Aft' 

/.  ‘a!’ 

'■’io' 

,Rt 

30 

Rt 

29 

Aft 

10, 

Rt 

25 

Rt  ■ 

28 

'-i>'v 


0,5 

0.4 

0.5 

0.5 

0,4 

0,6 


CONTROL  RESPONSE 


. .  ■■ 

Configuration  I  L.Axis 


,  ■  ^Rollvvl 
'  Yaw 

ir  7* 

i'jl-iil'ii.'.lX;'' .  ■  r. 


?  i ..  vt:' 

"'JJ’  r 


Time  to 

Resp^se 
deg/ sec/ in 

Peak 

'sec 

'■•i 

9.9  "Aft'  9,9 

2.0 

;Lt 

10.2^  Rt*  15.0 

1.2 

Lt 

9.9  Rf  "  13.2 

‘C  ■  '1^4  iw-.. . yff-- 

'  0.9 

.t'  -  *' 

Fwd 

6.5  Aft  4.9 

1.5 

's; 


Poll  ,u:Lt,,  7.0.  pt  11.4 

Rtl’r/.i 


1.2 

■  •jjf. 

0.9 


NOTE:  Comparisons  were  made  in  level  flight  at 

8Q,U  KCAS  at  a  gross  weight  of  7000  pounds. 


The  controllability  changes  indicated  were  not  significant  enough 
to  be  perceptible  to  the  pilot. 


The  installation  of  tiie  XM-16  or  XM-21  on  the  UH-IB  caused 

a  lower  than  normal  vertical  C.G.  and  increased  the  moment  of 
inertia  about  all  axes.  Controllability  increased  at  a  lower  C.G. 
and  decreased  with  a  larger  moment  of  inertia.  This  would  explain 
the  differences  between  the  controllability  of  the  clean  Ull-IB  and 
the  armed  Uli-IB. 


2.3  VIBIIATION 

2.3.1  OBJECTIVE 

The  objectives  of  these  tests  were  to  determine  the  vibrations 
induced  by  the  installation  of  the  armament  subsystems  and  to 
determine  the  vibrations  due  to  the  firing  of  the  guns. 

2.3.2  METHOD 

Vibration  tests  were  recorded  during  the  entire  flying  portion 
of  the  program.  The  helicopter  was  equipped  with  two  velocity-type 
accelerometers  at  the  passenger  station  to  record  lateral  and 
vertical  vibrations.  At  the  initial  phase  of  the  flying  program,  the 
test  UH-IB  helicopter  was  flown  in  the  clean  configuration  and  its 
vibration  characteristics  were  established.  The  vibration  character¬ 
istics  of  subsequent  flights  in  the  armed  configuration  were  compared 
with  those  of  the  clean  helicopter. 

2.3.3  RESULTS 

Test  results  are  presented  graphically  in  Figures  64  through 
66,  Appendix  I. 

2.3.4  ANALYSIS 

The  armed  (XM-16  or  XM-21)  UH-IB  showed  satisfactory 
vibration  characteristics  during  the  firing  of  both  subsystems  and 
during  the  non- firing  of  the  XM-16  subsystem.  Durii.g  tlie  non¬ 
firing  of  the  XM-21,  however,  the  lateral  vibration  acceleration 
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exceeded  the  allowable  level  defined  in  Paragraph  3.7.1  of  MIL-H- 
8501A  (Reference  p) .  The  following  table  gives  a  comparison  of  the 
vibrations: 


VIBRATION  TEST  CONDITIONS 
Ull-lB/XM-16 


Vibration 

Frequency 

S.A.* 

CAS 

kt 

Lateral 

Acceleration 

g 

Vertical 

Acceleration 

g 

Frequency 

C.G. 

Flight 

Phase 

i/rev 

97.0 

.0225 

.0209 

5.3 

131.2 

Non"Firing 

99,0 

.02925 

,0273 

5.4 

128.3 

Firing 

2/rev 

97.0 

,077 

.072 

10,6 

131.2 

Non-Firing 

99.0 

.077 

.072 

10.8 

128.3 

Fifing 

4/rev 

97.0 

.000 

.000 

21.2 

131.2 

Non-Firing 

99,0 

.000 

.000 

21.6 

128.3 

Firing 

*S,A.  =  Single 

Amplitude 

VIBRATION  TEST  CONDITIONS 
UH-lB/XM-21 

Vibration 

Frequency 

S.A. 

CAS 

kt 

Lateral 

Acceleration 

g 

Vertical 

Acceleration 

g 

Frequency 

C.G. 

Flight 

Phase 

1/rev 

101. 

.0552 

.039 

5.4 

130.7 

Non-Firing 

100. 

,0315 

.03315 

5.4 

126.1 

Firing 

2/ rev 

101. 

.133 

.078 

10.8 

130.7 

Non-Firing 

100. 

.09 

.072 

10.8 

126.1 

Firing 

4/rev 

101. 

.250 

.170 

21.6 

130.7 

Non-Firing 

100, 

.145 

,07 

21.6 

126.1 

Firing 
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VIBRATION  TEST  CONDITIONS 
CLEAN  UH-IB 


Vibration 

Frequency 

S.A.* 

CAS 

kt 

Lateral 

Acceleration 

g 

Vertical 

Acceleration 

g 

Frequency 

C.G. 

Flight 

Phase 

1/rev 

96.5 

.0154  ■ 

.0171 

5.3 

129.8 

Non-Firing 

2/rev 

96.5 

.063 

.096 

10.6 

129.8 

Non-Firing 

4/rev 

96.5 

.000 

.000 

21.2 

129.8 

Non-Firing 

2.4  FIRINGS 

2.4.1  MACHINE-GUN  FIRINGS 

2. 4. 1.1  Objective 

The  objective  of  these  tests  was  to  evaluate  the  effects 
on  stability  and  control  of  the  UH-IB  during  Ihe  gun  firings  at 
various  flight  conditions  and  to  insure  that  there  was  no  compromise 
of  safety  of  flight  throughout  the  flight  envelope. 

2. 4. 1.2  Method 

The  firing  of  the  machine  guns  of  the  XM-16  and  XM-21 
armament  subsystems  was  conducted  at  zero  KCAS,  48  KCAS,  67  KCAS, 
and  95  KCAS.  Hover  firings  were  conducted  at  approximately  50  feet 
above  the  ground,  and  level  flight  firings  were  conducted  at  500 
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feet  above  the  ground.  Tests  for  both  weapons  were  conducted  in 
the  machine-gun  firing  positions  listed  in  the  following  table: 


MACHINE-GUN  FIRING  POSITIONS 
XM-16  f,  XM-21 


Elevation  i 

^Dep^essloh j  i 

Traverie" 

Rt^  ^Traverse  Lt  « 

K*-  Zer6  i 

>'  --I 

"  ^  Zero 

.  ?  Zero  .  •< 

"W  ... 

c;,.,  ^  Maximum  0 

r  Maxiratm  ' 

■  ^^1'; 

Zero-  j' 

i?.  ■  %  rS) 

fi  Zero  ' 

,j:^;:Zero 

. ,-\n- 

Extreme 

’ '  Zero 

Extreme 

'  y -V  •  • 

'•  •  '  H  . ' 

A  ' 

Zero 

Extreme 

Zero 

•xr 

'  Maximum  ’ 

M  •«  B  W 

Extreme 

Maximum 

Zero 

Zero 

— 

Maximum 

Extreme 

■t; 

Maximum 

■•WWW 

Extreme 

NOTE :  1 . 

*  indicates 

"stow"  position. 

2. 

Maximum  travel  of  guns. 

XM-16 

XM-21 

Upward: 

9” 

10° 

Downward: 

66° 

90° 

Inboard: 

12° 

12° 

Outboard: 

o 

O 

o 

O 

3. 

Guns  will  cease  fire 

when 

their 

inboard  limit  is  reached. 

2.4. 1.3  Results 

Time  histories  of  machine-gun  firings  are  presented  in 
Figures  67  through  72,  Appendix  I. 

2.4. 1.4  Analysis 

Firing  the  M-60C  machine  guns  of  the  XM-16  subsystem  did 
not  adversely  affect  the  stability  and  control  of  the  helicopter 
at  any  of  the  conditions  tested.  Firing  the  XM-20  machine  guns  of 
the  XM-21  produced  a  reactionary  force  opposite  to  the  direction  of 


fire.  The  helicopter's  reaction  can  be  clearly  seen  in  Figures  67 
through  72,  Appendix  I.  The  helicopter  returned  to  the  original 
trim  position  after  the  guns  ceased  firing.  This  condition  was  not 
objectionable  to  the  pilot. 

2.4.2  ROCKET  FIRINGS 

2.4.2. 1  Objective 

The  objective  of  these  tests  was  to  insure  that  there  were 
no  adverse  flight  characteristics  introduced  during  the  firing  of 
the  rockets . 

2. 4. 2. 2  Method 


The  firing  of  the  2.75-inch  FFAR  was  conducted  at  7300 
pounds  gross  weight,  324  rotor  rpm,  and  forward  C.G,  The  rockets 
were  fired  at  the  conditions  listed  in  the  following  table: 


Flight 


Altitude 


Condition 

Airspeed  Above  Ground 

■  KCAS 

ft 

Hover 

0 

IGE* 

Flover  (Left  Pod 
Empty) 

0 

IGE 

Level  Flight 

48,84,99 

500 

Level  Flight 
(10"  Rt  Sideslip) 

85 

700 

Level  Flight 
(lO"  Lt  Sideslip) 

85 

650 

Level  Flight 
(Lt  Pod  Empty) 

85 

600 

Climb  (400  fpm) 

61 

700 

Descent  (400  fpm) 

57., 

1.500 

Autorotation 

90 

900 

j;  Maneuvering 

...  .  ;p 

r  (Rt  Pull-up) 

'''’ll ' 

Maneuvering 

95  ,3  '  ' 

.700  '  , 

■  -  ■  '..y.'v-'.'-.V  . 

'•  ■  -  •'.-■''A'.' '  ,wv'>j 

|V(Ltj;  Pull-up) 

700  ,  ■ 

*  IGE  denotes  in 

ground  effect 
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For  each  of  the  conditions  listed,  except  the  one-pod- 
erapty  condition,  7  pairs  of  rockets  were  fired;  for  the  one-pod- 
erapty  condition,  7  single  rockets  were  fired. 

2.4.2. 3  Results 


Time  histories  are  presented  in  Figures  73  through  79, 
Appendix  I . 

2, 4. 2. 4  Analysis 

The  rocket  firing  tests  were  characterized  by  a  nose-down 
pitching  motion  of  the  helicopter  under  all  conditions  tested. 

The  pitch  angle  change  was  approximately  4.5  degrees  with  a  maximum 
angular  rate  of  4.8  degrees/second.  The  rate  was  so  slight  that 
the  pilot  would  automatically  correct  the  pitching  motion  without 
thinking  about  it.  This  pitching  motion  could  be  attributed  to  a 
moment  about  the  pitch  axis  resulting  from  the  rocket  blast.  The 
sudden  loss  of  weight  of  the  rockets  would  also  add  to  this  motion. 
The  rocket  pods  were  located  at  an  aft  C.G.  (Station  136.0),  and 
the  firing  of  14  rockets  (252  pounds)  in  1.167  seconds  would  move 
the  C.G.  forward, 

2.5  BOOST-OFF  FLIGHT 

2.5.1  OBJECTIVE 

The  objective  of  these  tests  was  to  determine  if  flight  was 
feasible  with  the  weapon  systems  installed  and  the  hydraulic 
control  boost  inoperative. 

2.5.2  METHOD 


Power-boosted  or  power-operated  control  failure  was  simulated 
by  switching  off  the  hydraulic  boost  system  on  the  armed  UH-IB 
helicopter.  The  forces  necessary  to  maintain  control  of  the 
helicopter  were  measured  by  strain  gages  for  the  longitudinal  and 
lateral  forces  and  a  hand-held  force  indicator  for  the  collective 
force.  Tests  were  conducted  in  hover,  climb,  level  flight  and 
landing.  Paragraph  3,5.8  of  MIL-H-8501A  (Reference  p)  was  used  as 
a  basis  for  evaluating  the  results. 

2.5.3  RESULTS 


Time  histories  are  presented  in  Figures  80  and  81,  Appendix  I. 
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2.5.4  ANALYSIS 


The  longitudinal,  lateral,  and  pedal  control  forces  were 
satisfactory  under  all  conditions  tested.  The  collective  position 
force  exceeded  the  maximum  limit  (25  pounds)  stated  in  Paragraph 
3.5. 8,  MIL-H-8501A  (Reference  p) .  The  collective  force  measured  90 
pounds  in  a  climb  and  could  not  be  maintained  for  an  extended 
period.  A  run-on  landing  was  the  only  practical  method  of  landing. 
Incipient  loss  of  control  resulted  from  over-controlling  when 
transitioning  to  a  hover  because  of  the  high  cyclic  forces. 
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FIGURE  NO  62 

LEFT  LATERAL  STEP 

UH-IB,  USA.S/N  go-3589 
armament  :  yM-16 


AVG.  G.W.  LONG  C  G.  CO'ND  TRIM  C.A.S.  Ho  R.P.M. 

7125  LBS.  131.1  IN.  level  FLT.  47.5  KTS  517 OFT.  32 


PEDAL  AMGLE  of  pitch,  RATE  OF  PITCH  ,  PITCHAHDROUL 
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CONTROL.  Rate  pitch,  pitch  angular  angle  op  pitch 

Position  roll,  and  yah  acceleration  roll,  and  yaw 


FIGURE  NO.  67 

TIME  HISTORY  OF  WEAPONS  FIRING 

UH-IB,  U.S.A.,  S/N  60-3589 
ARMAMENT:  XM-16  GUNS 

CONFIGURATION.  BOTH  GUNS,  ELEV.  DOWN,  TRAVERSE:  ZERO 
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FIGURE  NO. 69 

TIME  HISTORY  OF  WEAPONS  FIRING 

UH-IB,  U.S.A.,  S/N  60-  3589 
ARMAMENT;XM-2I  guns 

CONFIGURATION  ;  BOTH  GUNS,  ELEV.iDOWN  ,  TRAVERSE!  ZERO 
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FIGURt  NO. 7.2 

TIME  HISTORY  OF  WEAPONS  FIRING 

UH-IB,  U  S  A.,  S/N  60-3589 
ARMAMENT;  XM-21  GUNS 

CONFIGURATION:  BOTH  ELEV. ;  ZERO,  TRAVERSE ’.  RIGHT 
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FIGURE  N0.74 

TIME  HISTORY  OF  WEAPONS  FIRING 


UH-IB,  U  S  A  ,  S/N  60-3589 
ARMAMENT;  XM-16  ROCKETS 
CONFIGURATION;  BOTH  PODS,  14  ROCKETS 


/ 


average:  gross  weight  7150  i_bs. 

LONGITUDINAU  C.G.  LOCATION  !  128.3  IN, 

Flight  conditions  :  climb 

TRIM  C.A.S.  •.  61  o  KTS. 

DENSITY  altitude  •.  6290  FEET 
ROTOR  SPEED  '.  3  24-  RPM 


time  ~  SECONDS 


IF  PITCH 


FIGURE  NO.  77 

TIME  HISTORY  OF  WEAPONS  FIRING 


average  ..vRO! 


UONGITUDINAU 
FLIGHT  CONOn 


UH-IB,  U  S  A.,  S/N  60-3589 
ARMAMENT;  XM-16  ROCKETS 
CONFIGURATION;  BOTH  PODS,  14  ROCKETS 


TRIM  c.A.s.  ;  a‘ 


DENSITY  ALTIT 


ROTOR  SPEED 


FIRING 


TIME  ~  seco 
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FIGURE  NO,  79 

TIME  HISTORY  OF  WEAPONS  FIRING 

UH-IB,  U  S. A.,  S/N  60-3989 
ARMAMENT  XM- 2  I  ROCKETS 

configuration:  both  pods,  I4  rockets 


AVERAGE  GROSS 
LONGITUDINAL-  C.6 
FLIGHT  CONDITION 
TRIM  C  A.  S  '94  5  K 
density  ALTITUDt 
ROTOR  SPElEDISa- 


STICK  PEDAU  POSITION  COULEC-TlVE 

1.  IN.  FF^OM  NCUTRAU  position  in, 

l_©S.  from  FUl_L  DOWN 


AVETRAGE:  gross  WETIGHT:  7080  UBS. 
longitudinal  C.G.  location;  tjo-ij 

FLIGHT  CONDITIONS  LETVEL  FLIGHT 
TRIM  C.A  G.  94.5  KTS. 

DENSITY  altitude  +340  FEET 
ROTOR  speed;  324  RPM 


APPENDIX  II 


1.0  GENERAL 


DATA  ANALYSIS  METHOD 


The  equations  and  analysis  method  used  to  correct  the  performance 
of  the  helicopter  to  standard-day  conditions  are  briefly  described  in 
this  appendix. 

The  non-dimensional  parameters  used  for  data  analysis  are  defined 
as  follows: 

^  _  550  X  SHP 

Cp - ^ 

pA  (OR) 


''T  2 

pA  (OR) 

1.689  Vt 

U  a 

OR 

where; 

SHP  =  engine  output  shaft  horsepower 
p  =  air  density,  slugs/ft^ 

2 

A  «  total  swept  rotor  disc  area,  ft 

fi  =  rotor  angular  velocity,  radians/sec 

R  =  rotor  radius,  ft 

W  =  gross  weight,  lb 

a  true  velocity,  kt 

This  non-dimensional  method  is  useful  only  where  compressibility 
effects  are  not  significant.  No  significant  compressibility  effects 
were  encountered  during  the  test. 


1.1  POWER  DETERMINATION 


The  T53  gas  turbine  engine  incorporates  a  hydro-mechanical 
torquemeter  as  an  integral  part  of  the  reduction  gearing  on  the 
compressor  end  of  the  engine.  This  torquemeter  is  essentially  a 
piston  which  supplies  pressure,  in  proportion  to  the  output  torque, 
on  the  contained  hydraulic  oil.  To  obtain  a  more  accurate 
indication  of  torque,  the  pressure  of  oil  vapor  behind  this  piston 
is  also  measured  and  the  difference  between  this  pressure  and  the 
hydraulic  oil  pressure  is  found.  The  conversion  from  torquemeter 
pressure  to  torque  in  inch-pound  was  obtained  from  the  test  cell 
run  of  engine  S/N  LE-06202. 


The  equation  from  which  output  shaft  horsepower  was 
determined  from  inflight  torquemeter  and  rotor  rpm  readings  was 
derived  as  foi.’ows; 


Slip 


2tt 

12  X  33,000 


X  N_  X  T 
E 


where: 

Slip  »  output  shaft  horsepower 

Ng  >=  output  shaft  rotational  speed  -  rpm 

T  =  output  shaft  torque,  in- lb 


The  torquemeter  calibration  as  obtained  from  engine  calibration 
data  indicated  that  torque  could  be  determined  as  the  following 
function  of  torque  pressure: 

T  «=  228.6  AP 

where:  AP=  torque  differential  pressure  -  psi 


Rotor  speed  was  determined  from  output  shaft  rotational  speed  as 
follows : 


N  ■  —■  — 

R  20.37 

where: 

N  ■  rotor  rotational  speed  -  rpm 
K 


no 


Combining  the  above  expressions  results  in  the  following 
expression  for  determining  output  shaft  horsepower: 


QHP  c  2ti  X  228.6  X  20.37  x  Nr  x  AP 
"  12  X  33,000 


During  the  test  program,  engine  characteristics  were  defined 
by  the  curve  of: 


SUP 


versus 


where: 

SHP  =  output  shaft  horsepower 

6^  =  ratio  of  compressor  inlet  total  pressure  to  standard 

’"2  pressure  at  sea  level 

0^  »  ratio  of  compressor  inlet  total  temperature  to  standard 

^2  temperature  at  sea  level 


Compressor  inlet  pressure  or  temperature  instrumentation  was 
not  installed  in  the  test  aircraft.  Since  no  pressure  loss  was 
noted  in  FTC-TDR-62-21  (Reference  s) ,  the  test  ambient  pressure 
was  taken  as  the  test  compressor  inlet  pressure.  Also,  since  the 
compressor  inlet  temperature  noted  in  FTC-TDR-62-21  was  consistently 
2  degrees  centigrade  (C)  above  ambient,  the  test  compressor  inlet 
temperature  was  taken  as  2  degrees  C  above  the  test  ambient 
temperature. 

Level  Flight  and  Specific  Range; 

Level  flight  speed-power  correction  was  derived  from  the  Cp, 

C^,  u  method.  Each  speed  power  was  flown  at  a  pre-determined  CiJ, 
holding  rotor  speed  constant.  To  maintain  W/p  approximately 
constant,  altitude  was  increased  as  fuel  was  consumed. 

Test-day  level  flight  power  airspeed  data  was  corrected  to 
standard-day  conditions  by  the  following  method;  The  test  day 
speed-power  point  was  defined  by  the  dimensionless  parameters, 

Cp^,  Cx^,  and  Correction  of  test-day  power  to  standard-day 

conditions  was  made  holding  these  coefficients  constant  on  the 
standard  day.  It  follc..s  from  this  that  the  relationships  below 
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are  true  between  test-day  and  standard-day  conditions: 

CPt  =  Cp^,  C-r^  -  CTj,  Vt  =  Ws 

From  these  relationships  and  definitions  of  the  particular  terms 
the  following  relationships  hold: 

W^/Pt  =  Wg/Pg,  Pg  - P ^  (Ws/W^) 

This  last  relationship  permits  establishing  the  standard-day 
density,  pg,  which  is  required  for  presenting  the  test-day  data 
at  a  standard  gross  weight,  Wg.  Wg  is  the  weight  used  in  the 
computation  of  the  target  Cx  for  each  individual  level  flight 
test. 

From  the  definition  of  the  power  coefficient,  Cp,  the 
following  relationships  can  be  derived: 

SHP^/Pt  »  SHPg/Pg 

SllPg  =  SHP^  (Ps/Pt) 

This  last  relationship  then  defines  the  standard-day  power 
required  for  flying  at  the  same  thrust,  power  and  speed  coefficient 
as  on  the  test  day  but  under  standard-day  conditions.  Each  level 
flight  speed-power  point  was  corrected  in  this  fashion  to  standard- 
day  conditions  at  the  target  gross  weight. 

Specific  range  calculations  were  performed  using  the  level 
flight  performance  curves  presented  in  Figures  1  through  3, 

Appendix  I  and  the  specification  fuel  flow  characteristics  at  5- 
percent  conservative  presented  in  Report  No.  204-099-712  (Reference 
V). 


NAMPP  -  ^ 

Wf 

where : 

NAMPP  ■  nautical  miles  per  pound  of  fuel 

■  true  airspeed  in  knots 

■  fuel  flow,  pounds  per  fespee 

^  Kc>«j>.rs 
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APPENDIX  III 


'IPST  INSTRUMENTATION 

1.0  Sensitive,  calibrated  instrumentation  was  installed  and 
maintained  in  UH-IB,  S/N  60-3589,  by  personnel  of  the  Logistics 
Division  of  USAAVNTA.  The  following  parameters  were  recorded: 

a.  Pilot's  Panel 

(1)  Boom  Airspeed 

(2)  Rotor  Tachometer 

(3)  Angle  of  Sideslip 

(4)  Rate  of  Climb 

(5)  Boom  Altitude 

Photo  4-  Engineer’s  Panel 

b.  Engineer's  Panel 

(1)  Torquemeter  (High  and  Low) 

(2)  Free  Air  Temperature 

(3)  Standard  Airspeed 

(4)  Standard  Altitude 

(5)  Fuel  Flow  (Stepper  Motor  System) 

(6)  Fuel  Totalizer 

c.  Oscillograph 

(1)  Longitudinal  Cyclic  Control  Position 

(2)  Lateral  Cyclic  Control  Position 

(3)  Directional  Control  Position 

(4)  Collective  Control  Position 

(5)  Angular  Pitch  Acceleration 


(6)  Angular  Roll  Acceleration 

(7)  Angular  Yaw  Acceleration 

(8)  Rate  of  Pitch 

(<J)  Rate  of  Roll 

(10)  Rate  of  Yaw 

(11)  Angle  of  Pitch 

(12)  Angle  of  Roll 

(13)  Angle  of  Yaw 

(14)  Angle  of  Attack 

(15)  Angle  of  Sideslip 

(16)  Normal  C.G.  Acceleration 

(17)  Vertical  Vibration 

(18)  Lateral  Vibration 

(19)  Rotor  RPM  (Blip) 

(20)  Pilot's  Lvent  Marker 

(21)  [Engineer's  Event  Marker 

(22)  Voltage  Monitor 

(23)  Longitudinal  Cyclic  Force 

(24)  Lateral  Cyclic  Force 

2,0  The  aircraft  was  equipped  with  an  airspeed  boom  incorporating 
a  swiveling  pitot-static  source  and  vanes  for  angle  of  attack  and 
sideslip . 


APPENDIX  iV 


GENERAL  AIRCRAFT  INFORMATION 
1.0  AIRCRAFT  PRINCIPAL  DIMENSIONS  -  MAXIMUM 

a.  Length 

(1)  Overall  (main  rotor  lore  and  aft 

and  tail  rotor  horizontal)  52.9  ft 

(2)  Overall  (main  rotor  fore  and  aft 
and  tail  rotor  vertical) to  end 

of  tail  skid  49.8  ft 

(3)  Nose  of  cabin  to  tail  skid  39.5  ft 

(4)  Nose  of  cabin  to  tail  rotor 

horizontal  '  42.9  ft 

(5)  Skid  gear  10.8  ft 

b.  Width 

(1)  Skid  gear  8.4  ft 

(2)  Synchronized  elevator  9.3  ft 

(3)  Stabilizer  bar  9.0  ft 

c.  Height  (to  static  ground  line) 

(1) '  Tip  of  main  rotor  forward  blade  to 

ground  8.4  ft 

(2)  Tip  of  main  rotor  blade  static  position  13.2  ft 

(3)  Tip  of  forward  main  rotor  blade,  tied 

down  position  18.8  ft 

(4)  Tip  of  tail  rotor  blade,  vertical 

position  14.6  ft 

3.9  ft 
6.8  ft 


(5)  Tail  skid  to  ground 

(6)  Top  of  cabin 

(7)  Cabin  base  to  ground 


1.0  ft 


Diameters 


(1) 

Main  rotor 

44.0  ft 

(2) 

Tail  rotor 

8.5  ft 

(3) 

Stabilizer  bar 

9.0  ft 

e.  Miscellaneous 

(1) 

Main  rotor  airfoil 

NACA  0012 

(2) 

Main  rotor  chord 

21  in 

(3) 

Swept  disc  area 

1520.5  ft^ 

(4) 

Gear  ratio  (engine 

to  main  rotor) 

20.37  to  1 

(5) 

Gear  ratio  (engine 

to  tail  rotor) 

3.97  to  1 

(b) 

Solidity  ratio 

.0506 

(7) 

Tail  rotor  airfoil 

NACA  0012 

(8) 

Tail  rotor  chord 

0.7  ft 

POWER  PLANT 

The  test  aircraft  was  powered  by  a  T53-L-9A  gas  turbine  engine, 
Serial  Number  LE-06202.  The  engine  is  comprised  of  an  inlet  and 
reduction  gear  section,  an  axial-contrifugal  compressor,  an  angular 
vaporizing  combustor,  a’  gas  producer  turbine,  a  free  power  turbine, 
and  an  exhaust  diffuser.  The  compressor  consists  of  five  axial 
stages  and  one  centrifugal  stage.  The  engine  installation  is  rated 
to  an  output  torque  valve  equivalent  to  1100  horsepower  at  6000  rpm 
for  takeoff  and  900  horsepower  at  6400  to  6600  rpm  for  continuous 
operations . 


3.0  OPERATING  LIMITS  WITH  XM-16  AND  XM-21  ARMAMENT  SUBSYSTEMS 


INSTALLED 


a.  Operating  instructions  were  obtained  from  Technical 
Manual  TM  55-1520-211-10. 


b.  Maximum  airspeed  was  100  KCAS. 

c.  Engine  speeds  were  6400  -  6600  rpm. 
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d.  Gross  weight  limits  were  6000  pounds  minimum  and  8500 
pounds  maximum. 

e.  C.G,  limits  were  Fuselage  Station  125  maximum  forward 
and  Station  133  maximum  aft. 

f.  Jettison  limits  of  the  LAU-32A/A  rocket  pods  were 
symmetrical  both  left  and  right  and  were  as  follows; 


Airspeed  - 


Sideslip  Angle 


4.0  ARMAMENT  SUBSYSTEM 


4.1  GENERAL 


The  UH-IB  airframe  can  sustain  a  total  load  of  750  pounds  on 
each  side  external  stores  mount.  This  occurs  at  Fuselage  Station 
(F.S.)  136  inches,  butt  line  (B.L.)  65  inches,  water  line  (V^.L.) 
21  inches.  The  limit  load  factors  that  may  be  applied  are:  4g 
down,  2g  up,  1.5g  lateral,  and  4g  forward.  The  MA-4A  bomb  rack 
has  a  maximuir.  load  capability  of  10,000  pounds  and  can  carry  a 
load  up  to  1600  pounds/ oA 

4 . 2  DESIGN  CRITERIA 

a.  External  Stores 


Gun  mount 
Machine  guns 
Ammunition  chutes 
Rack  assemblies 


XM-16 


XM-21 


4  (M-60C) 


2  (XM~20) 


External  Stores  (Cont'd) 


Item 

XM-16 

XM-21 

Cables 

2 

2 

Rocket  launchers  (LAU-32A/A) 

2 

2 

Rocket  (2.75-inch  FFAR) 

14 

14 

Total  Weight  (pounds) 

640.6 

648.3 

Internal  Stores 


Item 

XM-16 

XM-21 

Sighting  station 

1 

1 

Control  panel 

1 

1 

Intervalometer 

1 

1 

Ammunition  boxes  with  covers 

12 

12 

Ammunition  box  rack 

1 

1 

Rounds  of  linked  ammunition 

6000 

6000 

Total  weight  (pounds) 

460.6 

523.9 

Machine  Guns 


Characteristic 

XM-16 

XM-21 

Weight 

21.0  lb 

50.0  lb 

Length 

43.5  in 

31.5  in 

Rate 

550  rd  per  min 

2000  to  4000 
rd/min 

Maximum  depression 

66  deg 

90  deg 

Maximum  elevation 

+9  deg 

+10  deg 

Maximum  traverse 

Inboard 

1 2  deg 

12  deg 

Outboard 

70  deg 

70  deg 

itiriOTtffliigfiti 


d,  LAU*'32A/A  Rocket  Launcher 


Characteristic 

XM-16  anu  XM-21 

Diameter 

9.8  in 

Length-overall 

49.9  in 

Capacity  (2.75-in  FFAR) 

7 

Weight  -  empty 

47,5  lb 

Weight  -  loaded 

170.0  lb 

Suspension 

14  in  and  centered 

e. 

2.75-inch  FFAR  (Rocket) 

Characteristic 

XM-16  and  XM-21 

Length 

48.0  in 

Diameter 

7.0  in 

Motor  length 

39.4  in 

Weight 

17.5  lb 

Warhead  length 

8.5  in 

Loaded  C.G. 

19.5  in.  from  nose 

First  rocket  pair  fired 

200  milliseconds  after 
triggers  energized 

Ripple  fired  complement 
time 

1.167  sec 

WEIGHT  AND  BALANCE 

The  test  aircraft  was  weighed  and  balanced  in  a  closed  hangar 
with  the  armament  subsystems  installed.  A  typical  service  loading 
for  the  two  subsystems  was  as  follows: 

a.  XM-16  Armament  Subsystem  Installed 


Item 

Weight- lb 

Operating  weight 

4787 

Pilot  and  copilot  @  200  lb  per  man 

400 

155  gallons  of  fuel  (fuel  weight  = 

6.50  Ib/gal) 

1008 

External  and  internal  components  installed 
including  6000  rounds  of  ammunition  and  14 
rockets 

1101 

Total  Weight 

7296  lb 

XM-21  Armament  Subsystem  Installed 


Item 

Weight- lb 

Operating  weight 

4787 

Pilot  and  copilot  @  200  lb  per  man 

400 

155  gallons  of  fuel  (fuel  weight  = 

6.50  Ib/gal) 

1008 

External  and  internal  components  installed 

including  6000  rounds  of  ammunition  and  14 

rockets 

1172 

Total  Weight 


7367  lb 


APPENDIX  V 


SYMBOLS  AND  ABBRLVIATIONS 

Symbol 

Definition 

Units 

s 

Power  coefficient 

non-dimensional 

Cy 

Thrust  coefficient 

non-dimensional 

y 

Rotor  tip  speed 

non-dimensional 

SHP/shp 

Shaft  horsepower 

ft-lb/min 

P 

Air  density 

slugs/ft^ 

A 

Rotor  disc  area 

ft' 

n 

Angular  velocity 

radians/sec 

R 

Rotoi  radius 

ft 

W,  GW 

Gross  weight 

lb 

\ 

True  airspeed 

kt 

Output  shaft  rotational  speed 

rpm 

T 

Output  shaft  torque 

in-lb 

AP 

Torque  differential  pressure 

psi 

Rotor  rotational  speed 

rpm 

6 

Pressure  ratio 

-- 

0 

Temperature  ratio 

-- 

r-uel  flow 

Ib/hr 

KIAS 

Knots  indicated  airspeed 

kt 

KCAS 

Knots  calibrated  airspeed 

kt 

KTAS 

Knots  true  airspeed 

kt 

NAMPP 

Nautical  air  miles  per  pound 
of  fuel 
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Symbol 


1/rev 


rd/min 


Subscript 


Definition 


Cycles  per  revolution 


Center  of  gravity 


Revolution  per  minute 


Airspeed  not  to  exceed 


Single  amplitude 


Frequency 


In  ground  effect 


Rounds  per  minute 


Standard-day  conditions 


Test  conditions 


Units 


cycles/rev 


cycles/sec 
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